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Abstract
It is shown that the ve-dimensional anti-de Sitter black hole is a supersymmetric
solution of the low-energy eld equations of type IIB string theory compactied on an
Einstein space. The near-horizon geometry is shown to be locally equivalent to three-
dimensional anti-de Sitter space (adS3). The entropy of the extreme black hole can then




The study of black holes in string theory has been the source of recent developments in our
understanding of the origin of the Bekenstein-Hawking entropy formula [1]-[3]. In many cases,
an important role is played by supersymmetry, and the observation that D-branes carry charge
for the RR elds of string theory [4]. In three dimensions, a particularly interesting example of
a black hole, known as the BTZ black hole, has been constructed [5, 6], see [7] for a review. The
construction is based upon the observation that by performing a quotient of three-dimensional
anti-de Sitter space (adS3), one obtains a spacetime with the properties of a black hole. It was
observed recently [8] that the microscopic entropy can be understood for certain black holes
whose near-horizon geometry is locally equivalent to adS3. This observation is based on the fact
that adS3 has an asymptotic symmetry algebra consisting of left and right Virasoro algebras
[9, 10]. In particular, the entropy of the extreme BTZ black hole, viewed as a supersymmetric
solution of heterotic string theory without the use of RR elds, was computed in [11].
In [12], a higher-dimensional generalization of the BTZ construction was provided. The
essential idea is to take a quotient of anti-de Sitter space, yielding a black hole with topology
Rd−1S1, and an explicit construction in ve dimensions was presented. An interesting aspect
of these higher-dimensional black holes is that the horizon is a circle, and thus one might
expect to be able to understand their entropy from a lower-dimensional point of view. We show
that the ve-dimensional black hole is a supersymmetric solution of type IIB string theory
compactied to adS5  K5, where K5 is a compact internal Einstein space, with only the eld
strength for the RR 4-form excited. At extremality, the black hole has a non-zero horizon area.
Furthermore, it is shown that the near-horizon geometry is locally of the form adS3  S2. One
can then appeal to general argument [8] to compute the microscopic entropy for the extreme
case.
2 Compactication of Type IIB String Theory on adS5
The ve-dimensional anti-de Sitter black hole is obtained as a quotient of adS5, to which it is
locally equivalent [12]. To obtain this ve-dimensional black hole as a supersymmetric solution
of type IIB string theory, we seek a compactication to adS5K5, where K5 is a compact internal
space. The black hole is then obtained by performing the necessary identications. We write
the 10-dimensional coordinates as xM = (x; ym), with  = 0; 1; 2; 3; 4, and m = 5; 6; 7; 8; 9,
and we follow the conventions of [13]. The covariant eld equations for type IIB string theory
have been determined in [14]. As observed in [14], the desired compactication can be obtained
by setting all the bosonic elds to zero, except for the metric and anti-self-dual 5-form eld











 N1N2N3N4N5M1M2M3M4M5 FN1N2N3N4N5; (2)
with 0123456789 = 1. We wish to obtain a product metric of the form
g = g(x); gmn = gmn(y); gm = 0: (3)
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The required solution follows by choosing the ansatz [14]
F12345 = Q12345 ;
Fm1m2m3m4m5 = −Qm1m2m3m4m5 : (4)









with Rm = 0, and we note that the 10-dimensional Ricci scalar vanishes.
In order to establish the supersymmetry of the solution, we must show that the Killing
spinor equations are satised. Namely, we must show that the supersymmetry variations of the
fermionic elds vanish in the compactied background. The relevant terms in the supersym-
metry transformations take the form [13, 14]























A representation of the Dirac matrices which is relevant to the 5 + 5 split is given in [15, 16].
The 10-dimensional Dirac matrices are denoted by ΓA and satisfy
fΓA;ΓBg = 2AB; (8)
with signature AB = (−+   +). The representation is given by
ΓA = (Γ;Γa) = (γ ⊗ 14; γ
6 ⊗ a); (9)
where the spacetime matrices are 8-dimensional, and the internal matrices are 4-dimensional,
satisfying
fγ; γg = 2; fa;bg = 2ab; (10)








fγ6; γg = 0; (γ6)2 = 18: (12)
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The spacetime Dirac matrices can be written as [15, 16]
γ0 =
 
0 i1 ⊗ 12




0 3 ⊗ 12





0 2 ⊗ 2




0 2 ⊗ 1





0 2 ⊗ 3
2 ⊗ 3 0
!
; (13)
where i and  i are the Pauli matrices. The internal matrices are
5 = 1 ⊗ 12; 
6 = 3 ⊗ 12; 
7 = 2 ⊗ 2;
8 = 2 ⊗ 1; 9 = 2 ⊗ 3; (14)
with
Γ = γ ⊗ 14; Γ
ab = 18 ⊗ 
ab: (15)







and satises [J; γ] = 0.
We write the 10-dimensional spinor as (x; y) = (x)⊗ (y). The Killing spinor equations
then become








with the constraint iJγ6 = . The integrability conditions implied by (17) are then precisely
the conditions (5). Thus, we have obtained adS5K5 as a supersymmetric solution of the low-
energy equations of motion of type IIB string theory. The amount of supersymmetry present in
ve dimensions is then determined by the holonomy of the internal space K5. One should also
note that the constraint on  is consistent with the chirality on . Dening the 10-dimensional
chirality operator as
Γ11 = Γ0Γ1   Γ9; (18)
with (Γ11)2 = 1, we nd that
Γ11 = iJγ6 ⊗ 14: (19)
Hence,
Γ11 = ) iJγ6 = : (20)
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3 The Five-Dimensional anti-de Sitter Black Hole
Recently, a higher-dimensional generalization of the BTZ black hole was obtained [12]. The
construction is analogous to the three-dimensional case, whereby a certain quotient of anti-
de Sitter space is constructed with the properties of a black hole. In particular, the ve
dimensional case was explicitly constructed. The important point for our purposes is that the
topology of the black hole is Rd−1  S1, with the horizon being given by the S1 factor. This
is to be contrasted with the topology R2  Sd−2 of a Schwarzschild black hole. The black hole
is parametrized by two parameters, its mass and angular momentum, and as shown in [12],
these can be dened by relating the construction to a Chern-Simons supergravity theory for
the supergroup SU(2; 2 j N) [17].
As emphasized in [8], the Bekenstein-Hawking entropy formula can be understood in terms
of the near-horizon geometry. Our aim here is to show that the near-horizon geometry of the
adS5 black hole is locally equivalent to adS3  S2. Consequently, the entropy can be computed
microscopically by availing of the fact that adS3 has an asymptotic symmetry algebra given by
two copies of the Virasoro algebra [9, 10].

















+ (r2 − r2+)
‘2
r2+
(d2 + sin2  d2); (21)
in the range −1 < t < 1; r+ < r < 1; 0 <  < ; 0   < 2. The location of the horizon
is specied by r = r+. We note that at the horizon the angular (; ) part of the line element












and identies points along the new angular coordinate    + 2n, with r− < r+. The














+ (r2 − r2+)
‘2
r2+
(d2 + sin2  d2): (23)
This is precisely the geometry of BTZ S2, where BTZ denotes the three-dimensional anti-de
Sitter black hole [5, 6, 7], and we note that the S2 part is small near the horizon.
The Bekenstein-Hawking entropy for the adS5 black hole was computed in [12], and found
to be
S = 4kr−; (24)
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with the constraint that the horizon exists only for J M‘. The interesting point, as observed
in [12], is that the entropy is not proportional to the area of S1, namely 2r+. However, we
note that at extremality J = M‘, we have r+ = r−, and hence the Bekenstein-Hawking entropy
is given by
SBH = 4r+ = 2
p
2M‘2; (26)
where we have set k = 1.
In order to provide a microscopic derivation of this formula, we can now appeal to the
observation presented in [8]. Namely, according to [9, 10], we have
M‘ = L0 + L0; J = L0 − L0; (27)
where the left and right Virasoro generators L0 and L0 have central charge c = 12‘, in units
with 8G = 1. Hence, in the extreme case J = M‘, we have L0 = 0, and L0 = M‘. For very








where nR is the eigenvalue of L0. We thus have agreement between the string entropy and the
Bekenstein-Hawking area formula.
4 Conclusions
The construction of conserved charges for the ve-dimensional anti-de Sitter black hole relied
on the formulation of a Chern-Simons supergravity theory for the supergroup SU(2; 2 j N)[17].
In this regard, it is worth remarking that a computation of the entropy for the BTZ black hole
from the point of view of three-dimensional Chern-Simons theory with boundary was provided
in [19]. The computation is based essentially on the observation that the horizon dynamics
on the boundary is controlled by a WZW model. It would be interesting to see if a similar
computation in the SU(2; 2 j N) Chern-Simons theory reproduces the entropy as calculated
here. Indeed, there has been recent progress in understanding the connection between singleton
eld theories in ve-dimensional anti-de Sitter space and the conformal world volume theory
of D 3-branes in type IIB string theory [20]-[23]. One should also mention that the self-dual
3-brane of type IIB string theory has been discussed in the context of vacuum interpolation
between 10-dimensional Minkowski space and adS5  S5 [24, 25].
Another interesting observation is the fact that the Chern-Simons supergravity theory for
the anti-de Sitter group can be constructed up to a maximal dimension of seven [17]. One
might therefore expect to be able to construct conserved charges for the seven-dimensional
anti-de Sitter black hole, as in the ve-dimensional case. Furthermore, the adS7 black hole
could then be obtained as a compactication adS7  K4 of 11-dimensional supergravity, with
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the 4-form eld strength being proportional to the volume form of the compact internal space
K4 [26, 27]. In this way, the adS7 black hole could be given an interpretation as a solution
of the low-energy limit of M Theory, with the 2-brane eld excited. In turn, one would then
expect the near-horizon geometry to be locally of the form adS3  S4, allowing its entropy to
be computed.
Finally, a description of the BTZ black hole in terms of an SL(2;R) WZW model was given
in [28, 29]. String propagation in d-dimensional anti-de Sitter space has also been considered
in terms of the WZW coset models SO(d−1; 2)k=SO(d−1; 1)k at level k [30]. Thus, in general
one could view the anti-de Sitter black holes from this perspective.
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